Several non-thyroid factors such as age, breed, concomitant diseases and use of certain drugs might influence the diagnosis of hypothyroidism in dogs. Changes in the concentrations of thyroid hormones due to non-thyroid illnesses are named euthyroid sick syndrome. The aim of this study was to evaluate the influence of visceral leishmaniasis on thyroid function in dogs without clinical signs of hypothyroidism, with or without azotemia. Positive animals for leishmaniasis were divided into six groups (absence or presence of hypoalbuminemia, normal or increased creatinine, normal or increased urea). The effect on these groups was evaluated on the thyroid-stimulating hormone (TSH), total thyroxine (TT4) and free thyroxine (FT4) concentrations. Dogs that were positive for leishmaniasis, by ELISA test, presented thyroid-stimulating hormone serum concentrations greater than seronegative animals, while total thyroxine and free thyroxine in dogs with leishmanisis were lower (P≤0.01) when compared to healthy dogs. However, the results were within the values for euthyroid animals. In seropositive dogs for leishmaniasis, TT4 showed statistically significant difference (P≤0.04) in the group with hypoalbuminemia compared to the group with normoalbuminemia, respectively, 1,01ug/ dL and 1.4 g/dL. Based on this study, we could conclude that positive dogs for visceral leishmaniasis have not presented euthyroid sick syndrome, although when compared to healthy dogs, FT4 and TT4 were reduced and TSH increased. Keywords: euthyroid; hypothyroidism; leishmania; sick syndrome; thyroxine. para leishmaniose, a TT4 apresentou diferença estatística significativa (P <0,04) no grupo com hipoalbuminemia em relação ao grupo com normoalbuminemia, respectivamente, 1,01ug/dL e 1,4ug/ dL. Concluiu-se que os cães positivos para a leishmaniose visceral não desenvolveram síndrome do doente eutireóide, embora as concentrações de TT4 e a FT4 estivessem reduzida e de TSH elevada em relação aos cães sem leishmaniose.
Resumo
Vários fatores extratireoidianos como idade, raça, doenças concomitantes e fármacos podem influenciar na função e no diagnóstico do hipotireoidismo em cães. As alterações nas concentrações dos hormônios tireoidianos decorrentes de doenças não tireoidianas é denominada de síndrome do eutireoideo doente. O objetivo deste estudo foi avaliar a influência da leishmaniose visceral na função da tireoide em cães sem sinais de hipotireoidismo, com ou sem azotemia. Os animais positivos para leishmaniose foram divididos em seis grupos (albumina nornal ou diminuída, creatinina normal ou elevada, uréia normal ou elevada) e foi avaliado o efeito nesses grupos das concentrações séricas do hormônio estimulante da tireoide (TSH), tiroxina total (TT4) e da tiroxina livre (FT4). Os cães positivos para leishmaniose, pelo teste de ELISA, apresentaram concentrações séricas de TSH mais elevadas do que os animais soronegativos, enquanto que as concentrações de TT4 e FT4 em cães com leishmaniose foram menores (P <0,01) quando comparadas com as dos cães saudáveis. No entanto, os resultados estavam no intervalo dos valores para os animais eutireoideos. Nos cães seropositivos
Introduction
Alterations in thyroid hormone concentrations in response to non-thyroid illnesses (NTIs), often termed as the euthyroid sick syndrome (ESS), are well recognized in both animals and human. Several nonthyroid factors such as age, breed, concomitant diseases and use of certain drugs might influence the diagnosis of hypothyroidism in dogs. (1) (2) (3) (4) (5) Also, the stress induced by non-thyroid illnesses might cause an increase of circulating glucocorticoids (prednisone, dexamethasone) and alter the thyroid function. (6) In severe illnesses, a reduction in TT3 and TT4 might happen. In these cases, the free portion of the hormone remain within normal levels. (7) (8) (9) Disorders that are frequently associated with NITs in dogs include neoplasia, renal disease with increased blood urea nitrogen (BUN) and creatinine, hepatic disease, cardiac failure, neurologic disease, inflammatory disorders, and diabetic ketoacidosis. (4,10) However, in dogs, a decrease only in TT3 concentrations is not common, but described in babesiosis. Most of the time, there is a reduction both in TT3 and TT4 and, in a few cases, only in TT4. Nonetheless, free thyroxin (FT4) is less affected by NTIs, with only mild decreases in severe systemic diseases. (3) Among the diseases with potential to provoke a decrease in thyroid hormones, there are infectious diseases such as parvovirosis, babesiosis, and leishmaniosis. Canine visceral leishmaniasis is a severe systemic disease, which may cause kidney and liver disorders, cardiac injuries as well as to other organs. Parvovirosis, babesiosis, leishmaniosis, and other severe systemic diseases can cause euthyroid sick syndrome. (6, (11) (12) (13) (14) These diseases increase the production of pro-inflammatory cytokines, such as TNFα and IL-6, to cause inhibition of the hypothalamushypophysis-thyroid axis, resulting in a decrease in the production, secretion and circulation of thyroid hormones (T3 and T4). (15) (16) (17) Cytokines, such as interleukin beta 1 (IL-ß1) and 6 (IL-6) and tumor necrosis factor (TNF) have inhibitory effect on TSH secretion when administered to animals. (18) This effect has been attributed to both direct actions and indirect pituitary hypothalamus. IL-ß1 and IL-6 are potent inflammatory mediators whose production is increased in acute systemic diseases, and they are associated with activation of the adrenal in these situations. It is possible that these cytokines participate in the changes of the thyroid axis observed in acute diseases, not thyroid, including by stimulating the pituitary deiodinase activity. (19, 20) However, the effect of interleukins on thyroid function in humans and animals is not very clear. The diagnosis of leishmaniasis is based on clinical signs and clinic pathological abnormalities. Results of complete blood count (CBC), biochemical profile and urinalysis can be both wide and nonspecific. The definitive diagnosis can be established by the detection of specific serum antibodies (IgG) using preferably quantitative serological techniques, such as the immunofluorescence antibody test (IFAT) and enzyme linked immunosorbent assay (ELISA), immunochromatography and PCR. (21) The function of the thyroid gland is typically initially assessed by measuring baseline serum thyroid hormone concentrations. Baseline tests to assess thyroid gland function include measurement of the TT4, FT4, reverse triiodothyronine (rT3), total (TT3) and free (FT3) triiodotirnonine, and antibody tests for lymphocytic thyroiditis. (6, 10) Thus, the aim of this study was to evaluate the influence of visceral leishmaniasis on the thyroid function of dogs without signs of hypothyroidism, with or without azotemia.
Materials and Methods
One hundred thirty-eight adult, mixed breed dogs were enrolled in the study. Eighty-five were female (forty-nine sexually intact) and fifty-three were male (thirty-five sexually intact). All animals came from the endemic area of visceral leishmaniasis, Campo Grande, Mato Grosso do Sul, Brazil, selected from March to December, 2012. Most sick animals had signs compatible with visceral leishmaniosis (emaciation, lymphadenopathy, cutaneous and ocular abnormalities, and splenomegaly were most common). Animals with signs compatible with hypothyroidism -such as lethargy, obesity and dyslipidemia -history of hormone replacement, and usage of drugs that interfere with the thyroid function were excluded from the study. The blood samples for serum biochemical analyses and ELISA were collected in test tubes and were kept at room temperature for 30 minutes to coagulate, and then were centrifuged. Sera were prepared and immediately analyzed, or stored at 4 °C for analysis in a period of up to 24 h after collection, using a Semi-Automatic Biochemical Analyzer (TP-Analyzer Plus, Bio Técnica, Varginha-MG, Brasil) and appropriate commercial kits (Bio Técnica, Varginha-MG, Brasil) for albumin, urea, and creatinine. Normal serum values for the study were considered as creatinine between 0.5-1.5 mg/dL; urea between 21.4-59.9 mg/dL and albumin between 2.6-3.3 g/dL. Leishmaniasis diagnostic for the 138 samples was established using ELISA (Leishmania chagasi kit ® , Biomanguinhos, Brasil) technique. A total of 95 positive and 43 negative dogs for Leishmania sp were verified. Positive animals for leishmaniasis were divided in six groups regarding: absence of hypoalbuminemia (Group 1-G1), presence of hypoalbuminemia (Group 2-G2), normal creatinine (Group 3-G3), increased creatinine (Group 4-G4), normal urea (Group 5-G5) and increased urea (Group 6-G6). Total T4 was measured using a commercial solid-phase radioimmunoassay kit (Clinical Assays Gammacoat M Total T4 RIA Kit; DiaSorin Inc., Stillwater, MN, USA) that has already been validated for canine serum. (22) Free T4 was measured by a commercial available kit (Free T4 by equilibrium dialysis; Nichols Institute Diagnostics, San Juan Capistrano, CA, USA) that has been validated in that laboratory for canine serum. (22) Canine TSH was measured using a commercial available immunoradiometric assay (Coat-A-Count canine TSH IRMA; Diagnostic Products Corp., Los Angeles, CA, USA) that has been validated in that laboratory for canine serum. (22) Normal values for thyroid-stimulating hormone (TSH) were 0.18-1 ng/dL, for TT4 1.5-4 ug/dL and for FT4 1.0-4.0 ng/dL. (6, 10, 22) The experimental design was entirely randomized, evaluating the effect of Leishmaniasis on the variables TSH, TT4 and FT4. All variables were previously submitted to Kolmorogov-Smirnov and Lilliefors to check normality and homocedasticity, and did not follow normal distribuition. Thus, the comparison between seropositive and seronegative dogs was evaluated by Mann-Whitney test with P ≤ 0.05. All analyses were performed using Statica 7.0 program for Windows ® . (23)
Results
From the 138 evaluated dogs, 95 were seropositive for leishmaniasis and 43 were seronegative. Seropositive dogs presented serum TSH concentration greater than seronegative animals, while TT4 and FT4 in dogs with leishmaniasis were lower when compared to healthy dogs (Table 1) , without significant difference between groups. However, both groups presented values within reference range for the species, thus, all of them are considered euthyroid animals. The values of TSH, TT4 and FT4 of the groups regarding the values of albumin (G1 and G2), creatinine (G3 and G4) and urea (G5 and G6) are shown in Table 2 . In dogs that were seropositive for leishmaniasis, no significant differences were observed among animals with increased urea and creatinine, and those with values within reference levels ( Table 2 ). In seropositive dogs, TT4 mean in group G5 was lower (P≤0.05) when compared to the mean in group G6. The remaining groups have not presented statistic differences between each other ( Table 2 ).
Discussion
The decrease in FT4 concentrations poses a positive feedback on the hypophysis, stimulating the production and secretion of TSH, which could justify the increase in TSH serum concentrations. However, probably these levels of cytokine are not enough to cause ESS such as the one described in animals with babesiosis and parvovirosis. (6, (11) (12) (13) It seems probable that the level of parasitism for leishmaniasis and the severity of the disease can also influence the concentrations of thyroid hormones as observed in canine babesiosis. (19) It seems likely that the decrease in TT4 and FT4, as well as the elevation in TSH concentrations in infected dogs resulted from production of pro-inflammatory cytokines (leading to suppression of pituitary TSH secretion) and increased deiodinase activity, an enzyme, which causes transformation of thyroxin into triiodothyronine suppressing TRH production, in the hypothalamus. (15, 24) Leishmaniasis causes several systemic alterations, including liver and kidney disorders. These alterations are well-described as causes of euthyroid sick syndrome (ESS), since hypoalbuminemia and azotemia/uremia change the function of the hypothalamus-hypophysis-thyroid axis. (3, 26) In dogs that are seropositive for leishmaniasis, no significant differences were observed among animals with increased urea and creatinine, and those with values within normal levels ( Table 2 ). The decrease in free and total thyroxin concentrations was described in babesiosis, (12, 13) without significant differences between azotemic and non-azotemic animals. In studies with babesiosis, TSH serum concentrations were not altered. (12) Unlike the previous study where euthyroid sick syndrome was associated with elevated BUN and serum creatinine, in this study, only statistical difference in the group with urea elevation was observed. The difference is probably due to the characteristics of the disease because leishmaniasis is a chronic disease and babesiosis is the acute nature of the disease. It is known that, in hypothyroidism, a decreased cardiac output is associated with a decrease in renal blood flow and glomerular filtration rate. In hypothyroid humans, glomerular filtration rate may be reduced up to 40% and is associated with an increase in serum creatinine concentration. (27) Hypoalbuminemia might occur in liver, kidney and enteric diseases with loss of proteins and chronic inflammations. Probably, hypoalbuminemia in these animals with leishmaniasis is due to liver and kidney injuries, and also due to chronic inflammation. In seropositive dogs for leishmaniasis, TT4 mean in G5 was lower (P≤0.05) when compared to the mean in G6. The remaining groups did not present statistic differences among each other (Table 2) . Albumin, together with other proteins, is an important thyroxin transporter. (4) The decrease in albumin, and probably in other proteins such as transthyretin, (28) has probably influenced the decrease in TT4 concentrations. The decrease in albumin in seropositive dogs could have also been due to kidney diseases; however, no urinalysis was performed to investigate the presence of proteinuria and not urine protein to creatinine (UP/C) ratio. Besides, in a few cases, hypoalbuminemia could be caused by intestinal protein loss or malnutrition, since these dogs were from shelters. Despite the decrease in TT4 and FT4 concentrations and the increase in TSH, the animals in this study would not have been confused with hypothyroid animals, since the concentrations of thyroid hormones were within the range of euthyroidism. The mild decrease in TT4 concentrations, despite hypoalbuminemia, indicates that other transporting proteins were not decreased. However, this was not investigated in this study. The presence of chronic dermatologic alterations and even neuropathies are differential diagnosis both for hypothyroidism and leishmaniasis. Thus, thyroid function tests can be requested and can be compatible with hypothyroidism. Nonetheless, in areas with high prevalence of leishmaniosis, the authors recommend serology and PCR for this disease, since it might cause decrease in FT4 and TT4 and increase in TSH, findings which are compatible with hypothyroidism. Also, the increase in the production of anti-thyroglobulin (TG) antibodies in several systemic diseases, (10, 29) an important transport protein for thyroid hormones, which might intensify the decrease in TT4, has already been described. However, in these cases, normal or increased FT4 is expected. Production and/or circulation of anti-TG antibodies were not analyzed in this study. Based on this study, it is possible to state that animals that were positive for visceral leishmaniasis did not develop NITs. To our knowledge this is the first study of the influence of leishmaniasis in thyroid function. There is a study evaluating thyroid function in animals receiving treatment for leihsmaniose. (14) However, further studies are necessary in order to evaluate thyroid functions in animals with severe signs of leishmaniasis. Moreover, the presence or absence of azotemia has not interfered in the thyroid function and only a reduction in albumin decreases TT4 concentrations.
Conclusions
The decrease in thyroid hormones in dogs with leishmaniosis was not enough to produce ESS. Based on this study, we could conclude that seropositive dogs for visceral leishmaniasis have not presented euthyroid sick syndrome, when compared to seronegative dogs .
